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Abstract 

Background: Human milk contains immune molecules involved in the protection of newborns against infections. 
We analyzed the concentration of Deleted in Malignant Brain Tumors 1 (DMBT1), a protein with functions in innate 
immunity, in breast milk. 

Methods: DMBT1 was detected in breast milk by Western blotting and its concentration was quantified by ELISA in 
95 breast milk samples collected from mothers of preterm and term neonates during the first four weeks after 
delivery. Possible effects of maternal or neonatal parameters were analyzed by different statistical tests. 

Results: The mean DMBT1 concentration (+ standard error of the mean) in the tested milk samples was 
2.48 + 0.26 ug/mL (range: 0.1 12 ug/mL to 17.984 ug/mL) and represented 0.0087% of the total protein content. The 
comparison between the newborns with infection and the newborns without infection revealed significantly higher 
DMBT1 concentrations in breast milk in the group with infection (6.72 ±2.53 ug/mL versus 2.20 ±0.35 ug/mL 
(P = 0.031)). Neither maternal nor neonatal parameters showed a correlation with the milk DMBT1 levels. 

Conclusions: DMBT1 is a component of breast milk after birth and is up-regulated in the breast milk from mothers 
with newborns suffering from neonatal infection. Thus, breast milk DMBT1 may be part of the innate immunity 
similar to secretory IgA. 
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Background 

The glycoprotein Deleted in Malignant Brain Tumors 1 
(DMBT1), also known as glycoprotein 340 (gp-340) or 
as salivary agglutinin, is a member of the scavenger re- 
ceptor cysteine-rich (SRCR) proteins with functions in 
innate immunity and epithelial differentiation [1,2]. Up- 
regulation of DMBT1 was observed in different tissues 
with inflammation [3-5]. The protein DMBT1 interacts 
with various defense factors such as, e.g., surfactant pro- 
tein A and D and secretory IgA [1]. DMBT1 is able to 
directly bind to and aggregate various bacteria, which is 
sufficient to substantially suppress bacterial infection 
in vitro [6]. The broad bacterial-binding specificity is at 
least in part based on DMBT1 functioning as a pattern 
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recognition molecule for poly-sulfated and poly- 
phosphorylated ligands [7]. 

In newborns, innate immunity is of particular import- 
ance, because the function of the adaptive immune sys- 
tem is not yet well established at these early time points 
of life. Especially premature infants benefit from the in- 
nate immunity because the delivery of IgG from the 
mother through the placenta to the fetus approximately 
begins in the second trimester, which is interrupted by 
the premature birth. On the other hand, neonatal infec- 
tion and sepsis contribute largely to morbidity and le- 
thality during early life [8-11]. 

The DMBT1 gene has further been suggested as a 
tumor suppressor gene for different cancer types [12]. 
Several studies reported a reduced DMBT1 expression 
in breast cancer and a variable expression in normal 
breast tissue [13-15]. Strong expression upon inflamma- 
tion was seen in some cases [15]. Possibly, DMBT1 
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polymorphisms associated with changes in the number 
of SRCR domains and/or promoter activity contribute to 
these patterns [16,17]. However, in mammary gland tis- 
sues, DMBT1 is expressed in the epithelium of the 
mammary ducts and glands, which are also responsible 
for breast milk production. Breast milk is known to con- 
tain different proteins with functions in innate immunity 
such as lactoferrin and secretory IgA with beneficial 
functions in newborns [18-20]. We therefore hypothe- 
sized that breast milk may contain DMBT1 and that 
DMBT1 levels in breast milk could potentially correlate 
with infections in the neonates. To test this hypothesis 
we examined the DMBT1 concentrations in breast milk 
from mothers after delivery and tested whether the 
DMBT1 concentrations correlated with maternal and 
neonatal parameters. 

Methods 

Patients and samples 

The study was performed with approval of the responsible 
Ethics Committee of the University of Heidelberg, 
Germany, and in compliance with the Helsinki Declaration. 
The parents agreed by informed consent. Thirty mothers 
who delivered at the Perinatal Center of the University 
Hospital Center of Heidelberg were studied prospectively. 
The clinical data of these mothers are demonstrated in 
Table 1. Four mothers had twins, in these cases we included 
only the first born infant in the study. The included new- 
borns comprised 14 females and 16 males. Gestational age 
was defined as time elapsed between the first day of the 
last menstrual period and the day of delivery. The 
included infants had an average gestational age of 
34.5 ±0.62 weeks (mean ± SEM; range: 26 - 40 weeks) 
(Figure 1A). The averaged weight at birth was 
2225 ±136.6 g (mean ± SEM; range: 590 - 3600 g) 
(Figure IB). A sample of 1 mL fresh milk obtained by a 
breast milk pump was taken for determination of the 

Table 1 Characteristics of the mothers 



Parameter 


Maternal age (years; mean and range) 


30.2 (21-39) 


Number of pregnancies (mean and range) 


2(1-6) 


Parity number (mean and range) 


1.5 (1-6) 


Mothers with abortion(s) (n) 


10 


Mothers with pre-eclampsia (n) 1 


Mothers with HELLP syndrome (n) 


3 


Antiphospholipid antibody syndrome (n) 1 


Maternal infection (n) 


9 


Antenatal steroids (yes/no) 


13/17 


Rupture of membranes (in hours prior delivery, 


2.9 (0-22) 


mean and range) 




Mode of delivery (vaginal delivery/cesarean section) 


7/23 
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Figure 1 The distribution of the gestational age (A) and weight 
(B) at birth of the included infants. 



DMBT1 levels once a week in the first four weeks, begin- 
ning on day 4 after delivery. All samples were left 
unpooled and stored immediately at -20°C until the ana- 
lyses were performed. From 19 mothers all 4 samples were 
collected, while from 3 mothers only 3 samples, from 2 
mothers two samples and from the remaining 6 mothers 
only one sample was obtained. This gave rise to a total of 
95 samples, which were examined. 

The DMBT1 concentrations of the breast milk mea- 
sured for each mother were tested for correlation with 
clinical data and diseases of the newborns. The analysis 
included gestational age (weeks), birth weight (g), pre- 
mature rupture of the membranes, increased C-reactive 
protein of the mother, maternal leukocytosis, prenatal 
group B Streptococci colonization of the mother, neo- 
natal infection (C-reactive protein >10 mg/L, clinical 
signs of infection and consecutive therapy with antibio- 
tics), respiratory distress syndrome, surfactant applica- 
tion, mechanical ventilation, therapy with continuous 
positive airway pressure (CPAP), and the presence/ab- 
sence of persistent ductus arteriosus. 

Sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and western blot analysis 

Separation of breast milk proteins was performed under 
non-reducing conditions on 8% polyacrylamide gels. The 
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proteins were transferred onto nitrocellulose mem- 
branes (Whatman, GE Healthcare, Munich, Germany). 
The membranes were then incubated with the DMBT1- 
specific monoclonal antibody Hyb213-06 (Antibodyshop, 
Dianova, Hamburg, Germany) or the polyclonal anti-serum 
anti-DMBTlp84 [3]. After washing with Tris-buffered 
saline containing 0.1% Tween 20 (Gerbu, Gaiberg, 
Germany) (TBS-T) the membranes were incubated with 
the respective secondary antibodies (SC-2005, goat 
anti-mouse IgG, or SC-2004, goat anti-rabbit IgG, both 
conjugated with horseradish peroxidase, Santa Cruz 
Biotechnology, Munich, Germany). 

Analysis of the DMBT1 concentration in breast milk by 
enzyme-linked immunosorbent assay (ELISA) 

Microtiter plates (Microcolon, Greiner Bio-One GmbH, 
Essen, Germany) were coated with breast milk over 
night at 4°C. Purified human recombinant DMBT1 
(hrDMBTl) [21] was used as concentration standard. 
The plates were washed with TBS-T and incubated with 
the DMBTl-specific antibody Hyb213-06 (Antibody- 
shop, Dianova, Hamburg, Germany) followed by an in- 
cubation step with the secondary antibody AP 300P 
(sheep anti-mouse IgG, horseradish peroxidase-conju- 
gated, Chemicon International, Temecula, California, 
USA). The bound enzyme was determined by adminis- 
trating TMB-substrate solution [125 ug/mL 3,3',5,5'-tet- 
ramethyl-benzidine; 125 ug/mL in 0.1 M citrate buffer 
pH 4.5 with 0.05% (v/v) H 2 0 2 ]. After 20 minutes the re- 
action was stopped by 2 M HC1 and the intensity of the 
dye reaction was analyzed at 450 nm in an ELISA reader 
(Multiscan Ascent, ELISA Reader, Thermo Fisher Scientific 
Inc., Rockford, Illinois, USA). 

Determination of the total protein content 

The total protein content of the breast milk samples 
were analyzed with the Lowry protein assay as described 
by Polberger and Lonnerdal [22]. 

Statistics 

The statistical analysis was performed with the SAS soft- 
ware package, release 9.2 (SAS Inc., Cary, NC, USA). 
We calculated means and standard errors of the mean 
(SEM) for quantitative parameters. To analyze poten- 
tially time-dependent changes of the DMBT1 concentra- 
tions und to search for parameters influencing the 
DMBT1 concentrations we used a variance analysis for 
repeated measurements using the SAS procedure PROC 
MIXED as this procedure is very efficient in the case of 
missing values. For analysis of the time-dependent 
changes of the total protein content a linear regression 
analysis was performed (where the number of weeks 
was regarded as a quantitative variable). To test the 
correlation between two quantitative parameters, we 



calculated the Pearson's correlation coefficient. A logistic 
regression was used to determine the influence of one or 
several parameters on a binary outcome (for examples 
the outcome "infection" with the values "yes" and "no"). 
To compare two samples sets we performed the Mann- 
Whitney U test (quantitative, non-normally distributed 
data). Test results with P- values less than 0.05 were 
regarded as statistically significant. 

Results 

Detection of DMBT1 in breast milk 

To test whether breast milk contains DMBT1, we per- 
formed Western blotting using different antibodies 
against DMBT1. DMBT1 -specific bands with the 
expected size of approximately 340 kDa were readily 
detected by both antibodies (Figure 2). The observed 
double bands could be due to different glycosylation 
and/or different alleles of the DMBT1 gene [16]. 

Determination of the DMBT1 concentration in breast milk 
by enzyme-linked immunosorbent assay (ELISA) 

We used the enzyme-linked immunosorbent assay to 
quantify the DMBTl-content in the entire panel of 
breast milk samples. Figure 3 displays the DMBT1 
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Figure 2 Western blotting of breast milk from one exemplary 
individual included in the study. Different antibodies against 
DMBT1 (Hyb213-06 or Anti-DMBT1 p84) were used. The samples of 
week 1, 2, 3 and 4 after delivery (indicated with the numbers 1-4) 
were tested. 
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Figure 3 DMBT1 concentrations of all 95 breast milk samples. The samples were analyzed by ELISA using the monoclonal antibody 
Hyb2 13-06. 



concentrations, which were determined using recombi- 
nantly expressed DMBT1 of known concentration as the 
standard. The mean DMBT1 concentration in the breast 
milk samples was 2.48 ±0.26 ug/mL (mean ± SEM) with 
a lowest DMBT1 concentration of 0.112 ug/mL and a 
highest of 17.984 ug/mL. 



The mean percentage of DMBT1 from the total pro- 
tein content was 0.0087% (range: 0.0003 to 0.105%) and 
no significant changes during the first four weeks of age 
were observed (mean percentage; Figure 5B): week 1: 
0.0116%; week 2: 0.0082%; week 3: 0.0072%; week 4: 
0.0066% (P = 0.5244). 



DMBT1 concentrations in dependence of age (weeks after 
birth) 

One sample per week 1-4 after delivery was analyzed, but 
there was no significant association between age (weeks 
after delivery) and DMBT1 concentration in the breast 
milk (P = 0.456; variance analysis for repeated measure- 
ments). The mean DMBT1 concentrations in the week 
1-4 after birth are displayed in Table 2 and Figure 4. Nu- 
merically, the DMBT1 concentrations decreased after 
week 1 and 2 and reached a baseline in week 3 and 4. 

However, because the time-dependent decrease was 
not statistically significant, we used the mean values of 
the samples obtained from each individual mother for 
testing the association of the DMBT1 concentration with 
different parameters. 

DMBT1 content in milk relative to the total protein 
content 

The mean total protein content of all included samples 
decreased linearly in an age-dependent manner 
(Figure 5A). Therefore, we used a linear regression ana- 
lysis and found that total protein content decreased by 
about 0.366 g/100 mL on average per week (P< 0.0001). 

Table 2 DMBT1 concentrations of breast milk in 



dependence of the time after delivery 



Week after birth 


Week 1 


Week 2 


Week 3 


Week 4 


mean DMBT1 -cone. 
(ug/mL) 


3.21 


2.47 


1.99 


2.01 


SEM 


0.74 


0.43 


0.19 


0.4 


N 


28 


24 


23 


20 



Cone, concentration. 



DMBT1 concentration and gestational age at birth 

The correlation analysis showed no significant associ- 
ation between the gestational age at birth and the 
DMBT1 concentration of breast milk (P = 0.479). The 
same applied, when using the mean value of the 
analyzed samples of each infant in week 1-4 (P = 0.520, 
r = -0.122, Pearson's correlation). 

DMBT1 concentration and birth weight 

The statistical tests did not identify a significant associ- 
ation between birth weight and DMBT1 concentration 
of the breast milk (P = 0.438; regression analysis and 
P = 0.223, r = -0.229; Pearson's correlation with mean 
values of all samples of each infant). 




0 12 3 4 



Age [weeks] 

Figure 4 DMBT1 concentrations (mean ± SEM) within the 
breast milk in the first four weeks of life. Data included all 95 
samples. 
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Figure 5 DMBT1 and total protein content. The total protein 
concentration (mean ± SEM) decreased in the first four weeks after 
birth (A). B illustrated the percentage of DMBT1 from the total 
protein content (mean ± SEM) in the first four weeks of life. 



DMBT1 concentration and neonatal infection 

DMBT1 plays an important role in innate immunity 
[5,6,23]. Therefore, we tested the association between 
DMBT1 concentration in breast milk and neonatal infec- 
tion. Six of the 30 (20%) included infants with 13 samples 
of breast milk had a neonatal infection (C-reactive protein 
>10 mg/L, clinical signs of infection and consecutive 
therapy with antibiotics). All neonatal infections manifested 
within the first seven days of life. Staphylococcus aureus, 
Staphylococcus haemolyticus and group B Streptotococci 
were observed in the cultures of blood and of the smears 
from the ears or the umbilicus. The statistical analysis using 
logistic regression and the mean values of all samples of 
each infant revealed a significant correlation between the 
DMBT1 concentrations in breast milk and the occurrence 
of neonatal infections (P = 0.044). The comparison between 
the newborns with infection and the newborns without 
infection revealed significantly higher DMBT1 concentra- 
tions within the breast milk of the group with infection 
(6.72 ± 2.53 ug/mL versus 2.20 ± 0.35 ug/mL (mean ± SEM; 



P = 0.031, Mann- Whitney Lf-test; Figure 6A)). The 
lowest mean DMBT1 concentrations in breast milk from 
mothers, which had infants with neonatal infections, 
was 1.838 ug/mL and the highest concentration was 
17.984 ug/mL. 

Here we provide a mathematical equation derived 
from a logistic regression to assess the probability of the 
newborn to have an infection for a distinct DMBT1 con- 
centration in the breast milk. 

In this case the DMBT1 concentration in the breast 
milk would be considered as a predictive marker for a 
neonatal infection: 

_ exp( -2.7898 + 0.3968 • DMBT1 cone) 
~ 1 + exp(-2.7898 + 0.3968 ■ DMBT1 cone) 

where P is the probability for a neonatal infection of the 
newborn and DMBT1 cone is the mean value of all mea- 
sured DMBT1 concentrations in breast milk of each 
mother in the first four weeks of life. Using this formula, 
a P-value between 0 (0%) and 1 (100%) is guaranteed. 
The positive regression parameter b = 0.3968 indicates 
that the probability for the infection increases with 
higher DMBT1 -values. 

To test the predictive character of this formula we 
used the DMBT1 concentration in the respective 
mother's breast milk to calculate the probability of neo- 
natal infection for the infants of our study with versus 
without confirmed infections (Figure 6B). For the infants 
with confirmed infections we calculated a probability of 
42.2% (mean; range: 11.3 - 98.7%) and for the infants 
without infection of 14.5% (mean; range: 7.4 - 69.7%). 

Because the lowest mean DMBT1 breast milk concentra- 
tion associated with an infected infant is 1.838 ug/mL, we 
assume that above this value the sensitivity for predicting a 
neonatal infection is 100%, but this would be accompanied 
by many false-positive predictions. 

DMBT1 concentration and other clinical parameters 

The association between the DMBT1 breast milk con- 
centration and different maternal parameters was evalu- 
ated with a logistic regression and the results are 
summarized in Table 3. Maternal infection or bacterial 
colonization and premature rupture of the membranes 
had no influence on the DMBT1 concentration. In 
addition, also the other neonatal parameters that were 
tested were without any significant association with the 
mean DMBT1 concentration (Table 3). 

Discussion 

Breast milk consists of proteins, carbohydrates - espe- 
cially lactose -, fat (97% triglycerides), vitamins, minerals, 
and viable cells, for example, leukocytes and macro- 
phages [18-20]. The protein fraction comprises multiple 
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Figure 6 DMBT1 concentration in breast milk and neonatal infections. The DMBT1 concentration (mean ± SEM) in the breast milk from 
mothers of infants with neonatal infections versus infants without neonatal infection are demonstrated in A. The breast milk from mothers of 
neonates with infections showed significantly higher DMBT1 concentrations compared to the breast milk from mothers of neonates without 
infections (* P <0.05). B illustrates the calculated probability for an infection using the DMBT1 concentration-based mathematical equation for 
infants with versus without confirmed neonatal infection. 



bioactive proteins with diverse functions such as lacto- 
ferrin, Mac-2-binding protein, secretory IgA (slgA), but 
many of these are related to defense functions. Earlier 
studies pointed to variable DMBT1 expression in normal 
breast tissue and a strong expression was detected in 
some cases with inflammation [13-15]. According to 
these studies, DMBT1 is expressed in the epithelium of 
the mammary ducts and glands, i.e. to structures, which 
are also responsible for the production and secretion of 



Table 3 Correlation between DMBT1 concentration of the 
breast milk and different maternal and neonatal 
parameters 



Parameter 


P-value 


Test 


Maternal C-reactive protein 
>5 mg/L 


0.167 


Logistic regression 


Maternal C-reactive protein 
>12mg/L 


0.313 


Logistic regression 


Maternal leukocytosis 


0.460 


Logistic regression 


Premature rupture of the 
membranes 


0.671 


Logistic regression 


Maternal group B streptococcal 
colonization 


0.778 


Logistic regression 


Respiratory distress syndrome 


0.100 


Logistic regression 


Surfactant application 


0.062 


Logistic regression 


Mechanical ventilation 


0.062 


Logistic regression 


Therapy with continuous positive 
airway pressure (CPAP) 


0.072 


Logistic regression 


Persistent ductus arteriosus 


0.102 


Logistic regression 



breast milk. We therefore considered it possible that 
DMBT1 could be secreted to breast milk after delivery. 
While Danielsson Niemi and co-workers could not de- 
tect DMBT1 in breast milk performing Western blotting 
with four different antibodies (mAbl43, mAb303, 
Hyb213-01, Hyb213-06) against DMBT1 [24], our data 
point to the presence of DMBT1 in breast milk as con- 
firmed by using two different methods (ELISA and 
Western blotting) and two different antibodies (Hyb213-06, 
anti-DMBTlp84). These findings strongly suggest that 
DMBT1 is one of the various breast milk components with 
functions in innate immunity, where it may function as a 
pattern-recognition molecule for pathogens and would 
co-localize with various of its known binding partners 
such as slgA or lactoferrin. 

The DMBT1 concentrations in our study ranged be- 
tween 0.112 ug/mL and 17.984 ug/mL. The highest 
DMBT1 concentration was found in the first week after 
delivery, which then declines to an apparent steady-state 
level of approximately 2 ug/mL in week 3 and 4 after 
birth. This resembles the dynamics of other protective 
proteins such as lactoferrin, Mac-2 binding protein and 
slgA in breast milk. 

Lactoferrin, an interaction partner of DMBT1, has 
functions in the defense against bacterial and viral infec- 
tions and was found in concentrations up to 3.3 mg/mL 
[19,25,26]. Montagne et al. found the highest lactoferrin 
concentrations directly after birth (5.8 mg/mL), decreasing 
in the first consecutive days and then again increasing 
after day 28 [25]. The Mac-2 binding protein (Mac-2 BP) 
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is - like DMBT1 - a member of the SRCR superfamiliy. 
Mac-2 BP is expressed in tissues containing cavity-lining 
secretory epithelia (stomach, gut). It can function as an 
immune-stimulatory and anti-infective agent. D'Ostilio 
[27] detected Mac-2 BP in human breast milk and showed 
an increase until days 2-3 postpartum (13.4 |ig/mL to 
79.2 ug/mL) followed by a decrease of the Mac-2 BP 
concentration to <10 ug/mL on day 6 postpartum. They 
additionally performed one measurement 4 weeks after 
delivery and found concentrations of 5.3 ± 4.8 ug/mL. 
The mothers and infants in this study were healthy and 
had no infections. Likewise, the highest levels of 
secretory IgA (slgA) were found directly after birth 
(19.0 mg/mL) and a decrease was reported throughout 
the lactation period (mature milk: 1.1 mg/mL) [28]. 
Similarly, cytokine levels significantly decrease in mature 
milk in comparison to the first milk samples postpar- 
tum, but in patients with preeclampsia the high proin- 
flammatory cytokine levels were persistent throughout 
lactation [29]. Thus, the DMBT1 concentrations in our 
study follow a similar course, but were lower than the 
detected concentrations of lactoferrin, Mac-2 BP, and 
slgA. Assuming an average amount of breast milk of 
120 mL per day in the first days after delivery for term 
neonates, these infants receive 385 ug/day DMBT1 
(3.21 ug/mL x 120 mL/day). In extreme premature 
infants, the amount of breast milk in the first days of life 
was about 12 x 1 mL to 12 x 3 mL per day (depending 
on the gestational age of the infants) corresponding to 
39 ug and 116 ug DMBT1 per day. 

Interestingly, our results revealed that breast milk from 
mothers with newborns suffering from neonatal infec- 
tions showed higher DMBT1 concentrations in compari- 
son to the breast milk from mothers with healthy 
newborns. In contrast, no correlation was found between 
the DMBT1 concentration in the breast milk and a ma- 
ternal bacterial infection or a risk factor for chorioamnio- 
nitis (premature rupture of the membranes). It is, 
however, documented that slgA levels in breast milk in- 
crease in response to the maternal environment [30,31]. 
In this case, antigen exposure in the gut or the respira- 
tory tract activates B cell trafficking to the mammary 
glands, which then results in IgA secretion and trans- 
location of slgA to the breast milk [30-32]. While the 
precise mechanisms behind the up-regulation of DMBT1 
levels in breast milk remain to be determined, it resem- 
bles the observations made for the Mac-2 BP. Fornarini 
et al. showed a significant association between the Mac-2 
BP concentration in breast milk and an acute respiratory 
infection of the newborn in the first 12 months of life. The 
infants were breast feeded for 4-5 months. Newborns with 
high Mac-2 BP levels in the breast milk of their 
mothers had a lower rate of respiratory infections indi- 
cating a protective effect [33]. Because we analyzed only 



neonatal infections in our study group and the breast 
feeding time considered in our study is substantially 
shorter, it is not possible with the present data sets to 
compare the effects of DMBT1 on the infections rate 
as was performed in the earlier study of Mac2-BP. 

Because of the blood volume using for blood culture 
(0.5-1 mL) only one third of the infants with neonatal 
infections showed positive blood cultures. To compensate 
for possibly low sensitivity we used additional criteria for 
the diagnosis infection (C-reactive protein >10 mg/L, 
clinical signs of infection as fever, and/or detection of 
bacteria in smears e. g. omphalitis), but we cannot rule out 
that a very strong inflammation was interpreted as 
neonatal infection. 

According to the present data, the use of the DMBT1 
concentration in the breast milk as a marker for neo- 
natal infection is limited. The DMBT1 concentration in 
the breast milk of newborns with neonatal infection has 
a range between 1.838 and 17.984 ^ig/mL. This large 
range and the crossover of this range with the range of 
the DMBT1 concentration of healthy neonates would re- 
sult in a high rate of false positive predictions. One rea- 
son could be basal differences of the DMBT1 expression 
levels in the breast tissues of individual women [13-15], 
which may depend on variable promotor activity [17]. 
Thus, the DMBT1 concentration of the breast milk can 
potentially contribute to diagnose a neonatal infection, 
but it is not able to replace established methods such as 
measurement of C-reactive protein levels to determine a 
neonatal infection. 

Conclusions 

The results of our study demonstrate that DMBT1, 
known as a protein with functions in innate immunity, 
is detectable in breast milk after delivery. Higher 
DMBT1 concentrations are found in the breast milk 
from mothers of newborns suffering from neonatal in- 
fection in comparison to those of healthy newborns sug- 
gesting that breast milk DMBT1 may be part of 
mechanisms to protect the newborns from infections. 
Although DMBT1 has been shown to directly bind to 
and aggregate bacteria and that this is sufficient to sub- 
stantially suppress infection in vitro, its roles in innate 
immunity in breast milk remains to be determined in 
detail because part of its functions may rely on or be 
influenced by specific interaction partners in milk. 

Competing interests 

JM holds two patents in the area of DMBT1. The other authors declare that 
they have no competing interests. 

Authors' contributions 

SR collected the samples for the study and performed the ELISA 
experiments. CW carried out the statistical analysis. DF participated in the 
preparation of the manuscript. LK and JP enabled and supported the analysis 
of breast milk samples. JM took part of writing the manuscript. HM designed 



Ronellenfitsch et al. BMC Pediatrics 2012, 12:157 
http://www.biomedcentral.eom/1471-2431/1 2/1 57 



Page 8 of 9 



the study, analyzed the data, wrote and drafted the manuscript. All authors 
read and approved the final manuscript. 



Acknowledgements 

This study was supported by Lundbeckfonden, Novo Nordisk Fonden, Kong 
Christian Den Tiendes Fond, Gangstedfonden, and Familien Hede Nielsens 
Fond. They had no role in the study design, analysis and interpretation of 
data, in the writing of the manuscript, or in the decision to submit this 
manuscript for publication. 

Author details 

'Division of Neonatology, Department of Pediatrics, University of Heidelberg, 
Im Neuenheimer Feld 430, 69120 Heidelberg, Germany, institute of Medical 
Statistics and Biomathematics, Medical Faculty Mannheim, University of 
Heidelberg, Ludolf-Krehl-StraGe 13-17D, 68167 Mannheim, Germany. 
3 Molecular Oncology and Lundbeckfonden Center of Excellence NanoCAN, 
Institute for Molecular Medicine, University of Southern Denmark, JB 
Winsloews Vej 25, 5000 Odense C, Denmark. 

Received: 6 February 2012 Accepted: 26 September 2012 
Published: 3 October 2012 



References 

1. Ligtenberg AJ, Veerman EC, Nieuw Amerongen AV, Mollenhauer J: Salivary 
agglutinin/glycoprotein-340/DMBT1 : a single molecule with variable 
composition and with different functions in infection, inflammation and 
cancer. Biol Chem 2007, 388:1275-1289. 

2. Madsen J, Mollenhauer J, Holmskov U: Review: Gp-340/DMBT1 in mucosal 
innate immunity. Innate Immun 2010, 16:160-167. 

3. Muller H, End C, Weiss C, Renner M, Bhandiwad A, Helmke BM, 
Gassier N, Hafner M, Poustka A, Mollenhauer J, Poeschl J: Respiratory 
Deleted in Malignant Brain Tumours 1 (DMBT1) levels increase 
during lung maturation and infection. Clin Exp Immunol 2008, 
151:123-129. 

4. Muller H, Renner M, Helmke BM, End C, Weiss C, Poeschl J, Mollenhauer J: 
Deleted in Malignant Brain Tumors 1 is up-regulated in bacterial 
endocarditis and binds to components of vegetations. J Thome 
Cardiovasc Surg 2009, 138:725-732. 

5. Renner M, Bergmann G, Krebs I, End C, Lyer S, Hilberg F, Helmke B, Gassier 
N, Autschbach F, Bikker F, Strobel-Freidekind O, Gronert-Sum S, Benner A, 
Blaich S, Wittig R, Hudler M, Ligtenberg AJ, Madsen J, Holmskov U, Annese 
V, Latiano A, Schirmacher P, Amerongen AV, D'Amato M, Kioschis P, Hafner 
M, Poustka A, Mollenhauer J: DMBT1 confers mucosal protection in vivo 
and a deletion variant is associated with Crohn's disease. 
Gastroenterology 2007, 133:1499-1509. 

6. Rosenstiel P, Sina C, End C, Renner M, Lyer S, Till A, Hellmig S, Nikolaus S, 
Fdlsch UR, Helmke B, Autschbach F, Schirmacher P, Kioschis P, Hafner M, 
Poustka A, Mollenhauer J, Schreiber S: Regulation of DMBT1 via NOD2 and 
TLR4 in intestinal epithelial cells modulates bacterial recognition and 
invasion. J Immunol 2007, 1 78:8203-821 1 . 

7. End C, Bikker F, Renner M, Bergmann G, Lyer S, Blaich S, Hudler M, Helmke 
B, Gassier N, Autschbach F, Ligtenberg AJ, Benner A, Holmskov U, 
Schirmacher P, Nieuw Amerongen AV, Rosenstiel P, Sina C, Franke A, Hafner 
M, Kioschis P, Schreiber S, Poustka A, Mollenhauer J: DMBT1 functions as 
pattern-recognition molecule for poly-sulfated and poly-phosphorylated 
ligands. Eur J Immunol 2009, 39:833-842. 

8. Buhimschi CS, Dulay AT, Abdel-Razeq S, Zhao G, Lee S, Hodgson EJ, 
Bhandari V, Buhimschi IA: Fetal inflammatory response in women with 
proteomic biomarkers characteristic of intra-amniotic inflammation and 
preterm birth. BJOG 2009, 116:257-267. 

9. Stoll BJ, Hansen Nl, Higgins RD, Fanaroff AA, Duara S, Goldberg R, Laptook 
A, Walsh M, Oh W, Hale E: Very low birth weight preterm infants with 
early onset neonatal sepsis: the predominance of gram-negative 
infections continues in the National Institute of Child Health and Human 
Development Neonatal Research Network, 2002-2003. Pediatr Infect Dis J 
2005, 24:635-639. 

10. Metsvaht T, Pisarev H, llmoja M-L, Parm 0, Maipuu L, Merila M, Miiursepp P, 
Lutsar I: Clinical parameters predicting failure of empirical antibacterial 
therapy in early onset neonatal sepsis, identified by classification and 
regression tree analysis. BMC Pediatr 2009, 9:72. 



1 1 . Reier-Nilsen T, Farstad T, Nakstad B, Lauvrak V, Steinbakk M: Comparison of 
broad range 16S rDNA PCR and conventional blood culture for diagnosis 
of sepsis in the newborn: a case control study. BMC Pediatr 2009, 9:5. 

12. Mollenhauer J, Wiemann S, Scheurlen W, Korn B, Hayashi Y, Wilgenbus KK, 
von Deimling A, Poustka A: DMBT1, a new member of the SRCR 
superfamily, on chromosome 10q25.3-26.1 is deleted in malignant brain 
tumours. Nat Genet 1997, 17:32-39. 

13. Blackburn AC, Hill 12, Roberts AL, Wang J, Aud D, Jung J, Nikolcheva T, 
Allard J, Peltz G, Otis CN, Cao QJ, Ricketts RS, Naber SP, Mollenhauer J, 
Poustka A, Malamud D, Jerry DJ: Genetic mapping in mice identifies 
DMBT1 as a candidate modifier of mammary tumors and breast cancer 
risk. Am J Pathol 2007, 1 70:2030-2041 . 

14. Braidotti P, Nuciforo PG, Mollenhauer J, Poustka A, Pellegrini C, Moro A, 
Bulfamante G, Coggi G, Bosari S, Pietra GG: DMBT1 expression is 
down-regulated in breast cancer. BMC Cancer 2004, 4:46. 

15. Mollenhauer J, Helmke B, Medina D, Bergmann G, Gassier N, Muller H, Lyer 
S, Diedrichs L, Renner M, Wittig R, Blaich S, Hamann U, Madsen J, Holmskov 
U, Bikker F, Ligtenberg A, Carlen A, Olsson J, Otto HF, O'Malley B, Poustka A: 
Carcinogen inducibility in vivo and down-regulation of DMBT1 during 
breast carcinogenesis. Genes Chromosom Cancer 2004, 39:185-194. 

16. Mollenhauer J, Muller H, Kollender G, Lyer S, Diedrichs L, Helmke B, 
Holmskov U, Ligtenberg T, Herbertz S, Krebs I, Madsen J, Bikker F, Schmitt L, 
Wiemann S, Scheurlen W, Otto HF, von Deimling A, Poustka A: The SRCR/ 
SID region of DMBT1 defines a complex multi-allele system representing 
the major basis for its variability in cancer. Genes Chromosom Cancer 
2002, 35:242-255. 

17. Tchatchou S, Riedel A, Lyer S, Schmutzhard J, Strobel-Freidekind O, Gronert- 
Sum S, Mietag C, D'Amato M, Schlehe B, Hemminki K, Sutter C, Ditsch N, 
Blackburn A, Hill LZ, Jerry DJ, Bugert P, Weber BH, Niederacher D, Arnold N, 
Varon-Mateeva R, Wappenschmidt B, Schmutzler RK Engel C, Meindl A, 
Bartram CR, Mollenhauer J, Burwinkel B: Indentification of a DMBT1 
polymorphism associated with increased breast cancer risk and 
decreased promoter activity. Hum Mutat 201 0, 31 :60-66. 

18. Ballabio C, Bertino E, Coscia A, Fabris C, Fuggetta D, Molfino S, Testa T, 
Sgarrella MC, Sabatino G, Restani P: Immunoglobulin-A profile in breast 
milk from mothers delivering full term and preterm infants. Int J 
Immunopathol Pharmacol 2007, 20:1 19-128. 

19. Lbnnerdal B: Bioactive proteins in human milk: mechanisms of action. 
J Pediatr 2010, 156(Suppl 2):26-30. 

20. Picciano MF: Representative values for constituents of human milk. 
Pediatr Clin North Am 2001, 48:263-264. 

21 . End C, Lyer S, Renner M, Stahl C, Ditzer J, Holloschi A, Kuhn HM, Flammann 
HT, Poustka A, Hafner M, Mollenhauer J, Kioschis P: Generation of a vector 
system facilitating cloning of DMBT1 variants and recombinant 
expression of functional full-length DMBT1. Protein Expr Purif 2005, 
41:275-286. 

22. Polberger S, Lbnnerdal B: Simple and rapid macronutrient analysis of 
human milk for individualized fortification: Basis for improved nutritional 
management of very-low-birth-weight infants? J Pediatr Gastroenterol Nutr 
1993, 17:283-290. 

23. Bikker FJ, Ligtenberg AJ, Nazmi K, Veerman EC, Van't Hof W, Bolscher JG, 
Poustka A, Nieuw Amerongen AV, Mollenhauer J: Identification of the 
bacteria-binding peptide domain on salivary agglutinin (gp-340/DMBT1), 
a member of the scavenger receptor cysteine-rich superfamily. J Biol 
Chem 2002, 277:32109-32115. 

24. Danielsson Niemi L, Hernell 0, Johansson I: Human milk compounds 
inhibiting adhesion of mutans streptococci to host ligand-coated 
hydroxyapatite in vitro. Caries Research 2009, 43:171-178. 

25. Montagne P, Cuilliere ML, Mole C, Bene MC, Faure G: Changes in 
lactoferrin and lysozyme levels in human milk during the first twelve 
weeks of lactation. Adv Exp Med Biol 2001 , 501 :241-247. 

26. Valenti P, Antonini G: Lactoferrin: an important host defence against 
microbial and viral attack. Cell Mol Life Sci 2005, 62:2576-2587. 

27. DOstilio N, Sabatino G, Natoli C, Ullrich A, lacobelli S: 90K (Mac-2 BP) in 
human milk. Clin Exp Immunol 1996, 104:543-546. 

28. Tregoat V, Montagne P, Bene M-C, Faure G: Increases of IgA milk 
concentrations correlate with lgA2 increment. Clin Lab Anal 2001, 
15:55-58. 

29. Erbagci AB, Cekmen MB, Balat O, Balat A, Aksoy F, Tarakcioglu M: 
Persistency of high proinflammatory cytokine levels from colostrum to 
mature milk in preeclampsia. Clin Biochem 2005, 38:712-716. 



Ronellenfitsch et al. BMC Pediatrics 2012, 12:157 
http://www.biomedcentral.eom/1471-2431/1 2/1 57 



Page 9 of 9 



30. Bergmann KC, Waldman RH: Stimulation of secretory antibody following 
oral administration of antigen. Rev Infect Dis 1988, 10:939-950. 

31. Brandtzaeg P: The mucosal immune system and its integration with the 
mammary glands. J Pediatr 2010, 1 56{Supp 2):8-15. 

32. Groer M, Davis M, Steele K: Associations between human milk SlgA and 
maternal immune, infectious, endocrine, and stress variables. J Hum Lact 
2004, 20:153-158. 

33. Fornarini B, lacobelli S, Tinari N, Natoli C, De Martino M, Sabatino G: Human 
milk 90K (Mac-2 BP): possible protective effects against acute respiratory 
infections. Clin Exp Immunol 1999, 115:91-94. 



doi:1 0.1 1 86/1 471-2431-12-157 

Cite this article as: Ronellenfitsch et al:. High DMST1 concentrations in 
breast milk correlate with increased risk of infection in preterm and 
term neonates. BMC Pediatrics 2012 12:157. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /'"A n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



